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PROBLEM TO BE SOLVED: To restrain the capacitive 
degradation caused when it is preserved in a high 
temperature environment or charge-discharge is 
repeated, and improve a high temperature characteristic 
by using an Li composite oxide where an Li ion 
conductive solid electrolyte layer is formed on a surface, } 
as a positive electrode active material. 
SOLUTION: In a nonaqueous electrolyte secondary f 
battery, an Li ion conductive solid electrolyte layer is 
formed on a surface of an Li composite oxide being a 
positive electrode active material, and a high 
temperature characteristic of a battery is improved 
thereby. For example, an ether type compound such as 
a polyethylene oxide and a polypropylene oxide, a 
polyimine type compound, a polyether derivative and the others are used as a material of this 
Li ion conductive solid electrolyte layer. Such Li ion conductive solid electrolyte may be used 
to directly cover a powder surface of the Li composite oxide before being formed as an 
electrode, and may be used to cover this electrode surface after the electrode is formed by 
using the Li composite oxide as a positive electrode active material. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** s hows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte rechargeable battery characterized by forming the lithium ion 
conductivity solid electrolyte layer in the front face of the lithium multiple oxide used as positive active 
material in the nonaqueous electrolyte rechargeable battery which uses a lithium multiple oxide as 
positive active material, and uses as a negative-electrode active material a dope and the carbonaceous 
ingredient which can be dedoped for a lithium, a lithium alloy, or a lithium. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 with which thickness of 
a lithium ion conductivity solid electrolyte layer is characterized by being 0.1-lOmicrometer. 



[Translation done] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field.of the Invention] Especially this invention relates to amelioration of positive active material about 

a nonaqueous electrolyte rechargeable battery. 

[0002] 

[Description of the Prior Art] In recent years, high-performance-izing of electronic equipment, a 
miniaturization, and portable-ization progress by advance of an electronic technique, and having a high 
energy consistency also to the cell used for these portable electronic devices is called for strongly. 
[0003] Conventionally, as a rechargeable battery used for these electronic equipment, although a nickel 
cadmium battery, a lead cell, etc. are mentioned, these cells have low discharge potential, and since cell 
weight and the cell volume are large, the actual condition cannot fully meet the demand in the above 
high energy consistencies. 

[0004] On the other hand, using a metal lithium and a lithium alloy as a negative-electrode active 
material, it is observed as a cell system with which the nonaqueous electrolyte rechargeable battery 
using what dissolved lithium salt in the non-aqueous solvent as the electrolytic solution fills these 
demands, and research is done briskly recently. 

[0005] However, as for the nonaqueous electrolyte rechargeable battery which uses a metal lithium and 
a lithium alloy as a negative electrode, a trouble comes to be recognized in a cycle life, safety, the 
boosting-charge engine performance, etc., and this has been a serious failure over utilization. A part of 
fuel cell subsystem which uses this metal lithium and lithium alloy as a negative electrode is put in 
practical use as a coin mold for this problem by thinking that these troubles originate in the dendrite-like 
generation [ crystal ] and detailed-izing of a negative electrode which are produced in case a metal 
lithium dissolves and deposits on a negative electrode. 

[0006] Then, in order to solve these problems, researches and developments of the nonaqueous 
electrolyte rechargeable battery used as a negative-electrode active material are briskly done [ matter / 
which can be dedoped / a dope and ] in a lithium ion like a carbonaceous ingredient. 
[0007] Since a lithium does not exist in the state of a metal in this nonaqueous electrolyte rechargeable 
battery, there is no problem about cycle degradation and the safety resulting from using a metal lithium. 
Moreover, as compared with the nickel cadmium battery, it has self-discharge and the merit that it is few 
and there is also no memory effect. 

[0008] When this nonaqueous electrolyte rechargeable battery uses a lithium multiple oxide with a high 
oxidation reduction potential for positive active material, cell voltage becomes high and average 
operating potential comes to show 3.6V. Since this average operating potential is equivalent to three 
duties of a nickel cadmium batteiy and a high energy consistency is obtained, the above-mentioned 
nonaqueous electrolyte rechargeable batteiy is a rechargeable battery expected very much by the user 
who designs electronic equipment. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, since the opportunity used in various locations 
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as a power source used for a portable electronic device is assumed, to have the property that the cell 
engine performance can fully be demonstrated corresponding to the environmental variation is desired. 
Especially, the dependability in use under an elevated-temperature ambient atmosphere, such as neglect 
by the self-work in the car of a summer and use in the warehouse which is a heat-and-high-humidity 
ambient atmosphere, is searched for. 

[0010] However, in an above-mentioned nonaqueous electrolyte rechargeable battery, if it is used by 
such severe environmental condition or is saved, the fault in which the cell engine performance 
deteriorates will be seen. 

[001 1] So, with the nonaqueous electrolyte rechargeable battery, since improvement in elevated- 
temperature shelf-life ability is various, the cell ingredient is examined. Inside about the electrolytic 
solution, development of an organic solvent as a stable property shown also at an elevated temperature, 
and a solute is furthered positively, without spoiling a low-temperature property. 
[0012] For example, in JP,4-184872,A, the mixed solvent of propylene carbonate and diethyl carbonate 
is proposed as a non-aqueous solvent of the electrolytic solution. The electrolytic solution which uses 
this mixed solvent demonstrates a desirable property under about 45-degree C hot environments. 
However, by the cell which uses this electrolytic solution, if it is saved under a hot environment 60 more 
degrees C or more or is used, the inclination for the cell engine performance to fall is seen and it cannot 
be said that the elevated-temperature property is fully improved. 

[0013] Moreover, Abstract No. 19, P33 in Extended Abstracts of the 184th Electrochemical To Society 
and NewOrleans (1993) As an electrolyte salt dissolved in the electrolytic solution, although LiC 
(S02CF3)3, LiC(S02CF3)2F, and LiC(S02CF3)2S02CH3 grade are proposed, many parts [ **** / un- 
] are left behind about these, and it has not resulted in utilization. 

[0014] Furthermore, amelioration about positive active material besides the examination about the 
electrolytic solution is also performed. 

[0015] For example, in the publication-number 5-1 51. No. 988 official report, it is indicated by by 
specifying the particle size distribution of positive active material that the cycle property in the elevated 
temperature of a cell is improved. 

[0016] However, it cannot be said to be a difficult and practical approach that grinding adjusts positive 
active material to desired particle size distribution. 

[0017] Thus, although the various technique for improving an elevated-temperature property is proposed 
about the nonaqueous electrolyte rechargeable battery, all have small effectiveness and the actual 
condition has left anxiety to the dependability in an elevated temperature. 

[0018] Then, even when this invention was proposed in view of such the conventional actual condition, 
it is saved under hot environments or charge and discharge are repeated, it aims at offering the 
nonaqueous electrolyte rechargeable battery with which a high capacity is maintained. 
[0019] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the nonaqueous 
electrolyte rechargeable battery of this invention is a nonaqueous electrolyte rechargeable battery which 
uses a lithium multiple oxide as positive active material, and uses as a negative-electrode active material 
a dope and the carbonaceous ingredient which can be dedoped for a lithium, a lithium alloy, or a lithium, 
and is characterized by forming the lithium ion conductivity solid electrolyte layer in the front face of 
the lithium multiple oxide used as positive active material. 

[0020] As for the thickness of the lithium ion conductivity solid electrolyte layer formed in the front 

face of this lithium multiple oxide, it is desirable that it is 0. l-10micrometer. 

[0021] 

[Embodiment of the Invention] The gestalt of concrete operation of this invention is explained. 
[0022] This invention is applied to the nonaqueous electrolyte rechargeable battery which uses a lithium 
multiple oxide as positive active material, and uses as a negative-electrode active material a dope and 
the carbonaceous ingredient which can be dedoped for a lithium, a lithium alloy, or a lithium. 
[0023] In this invention, in such a nonaqueous electrolyte rechargeable battery, a lithium ion 
conductivity solid electrolyte layer is formed in the lithium multiple oxide front face used as positive 
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active material, and suppose that the elevated-temperature property of a cell is improved by this. 
[0024] As an ingredient of this lithium ion conductivity solid electrolyte layer, high molecular 
compounds, such as polyether system compounds, such as the high molecular compound expressed with 
** 1 — izing 9, for example, i.e., polyethylene oxide, (PEO), and polypropylene oxide (PPO), a polyester 
system compound, the poly imine system compound, a polyether derivative, a polyacrylonitrile (PAN), a 
polyvinyl sulfone (PVS), and polyvinyl chloride (PVC), are mentioned. In these high molecular 
compounds, LiC104 grade and the electrolyte salt used with the electrolytic solution of a cell may be 
added. 
[0025] 
[Formula 1] 
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[0032] 
[Formula 8] 
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[Formula 9] 
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[0034] In addition, the inorganic compound of Lil, Li3N, Li5A104, Li5Fe04, a Li-Na-beta-alumina, 
LiAlSi04, Li4Zn (Ge04)4, LillN3C12, and Li6NBr3 grade can also be used as an ingredient of an 
electrolyte layer. 

[0035] The powder front face of the lithium multiple oxide before forming as an electrode may be made 
to cover such a lithium ion conductivity solid electrolyte layer directly, and after it forms an electrode by 
using a lithium multiple oxide as positive active material, this electrode surface may be made to cover it. 
The following approach is mentioned as the concrete covering approach. 

[0036] First, the ingredient of an electrolyte layer is mixed with a solvent and there is the approach of 
making this adhere to an oxide front face, or applying to an electrode surface. Moreover, when using 
especially a high molecular compound as an ingredient of an electrolyte layer, the electrolytic deposition 
method to which electrolytic polymerization of the monomer is carried out, and the vacuum deposition 
which polymeric materials are evaporated with heating and made to adhere to an electrode surface are 
used. 

[0037] Thus, although it is unknown about the detailed reason the elevated-temperature property of a 
cell is improved by forming a lithium ion conductivity solid electrolyte layer in the front face of a 
lithium multiple oxide, it thinks as follows. 

[0038] That is, if a lithium multiple oxide with a high oxidation reduction potential is used for positive 
active material, since a positive electrode will be maintained by high potential in a charge condition, the 
organic solvent and solute of the electrolytic solution become are especially easy to be decomposed 
under hot environments, the electrolytic solution — an alphabetic character — how — since itis****** 3 a 
touch area with positive active material is large, and such decomposition tends to take place. When the 
organic solvent and solute of the electrolytic solution decompose, the decomposition product will adhere 
to a positive-active -material front face, and will cause capacity degradation. 

[0039] On the other hand, if the lithium ion conductivity solid electrolyte layer is covered on the surface 
of positive active material, since it will be lost that positive active material contacts the direct liquid-like 
electrolytic solution, it is avoided that the organic solvent and solute of the electrolytic solution 
decompose with the high potential of a positive electrode. Therefore, capacity degradation by these 
decomposition products adhering to a positive-active-material front face will be suppressed, and the 
elevated-temperature property of a cell will be improved. 

[0040] In addition, as for such a lithium ion conductivity solid electrolyte layer, it is desirable that it is 
the range whose thickness is 0.1-10 micrometers. When the thickness of a lithium ion conductivity solid 
electrolyte layer is less than 0.1 micrometers, disassembly of the electrolytic solution cannot be 
controlled completely. Moreover, if this thickness exceeds lOmicrometer, although disassembly of the 
electrolytic solution can be controlled, the charge/discharge capability ability of positive-active-material 
original is spoiled, and the fall of cell capacity is invited. 

[0041] as mentioned above, although a lithium ion conductivity solid electrolyte layer is covered with 
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this invention on the front face of the lithium multiple oxide used as positive active material, as this 
lithium multiple oxide, LixM02 (however, M - one or more kinds of transition metals - at least one 
sort of Co or nickel is expressed preferably, and it is 0.05<=x<=l. 10.) is suitable, for example. 
Moreover, LiMn204 grade is also usable. One kind may be independently used for these multiple 
oxides, or may be used for them combining two or more sorts. 

[0042] These multiple oxides can compound a lithium and the carbonate of transition metals, a nitrate, 
an oxide, a hydroxide, etc. as a start raw material. That is, it responds to the presentation of the lithium 
multiple oxide of a request of these salts, measures and mixes, and is obtained by calcinating in a 600 
degree-C-1000 degree C temperature requirement under an oxygen existence ambient atmosphere. 
[0043] On the other hand, as the negative-electrode active material used combining this positive active 
material, and nonaqueous electrolyte, what is used with this kind of nonaqueous electrolyte rechargeable 
battery can usually be used. 

[0044] First, it is desirable to be able to use a dope and the carbonaceous ingredient which can be 
dedoped for a lithium metal, a lithium alloy, or a lithium, and to use especially a carbonaceous 
ingredient as a negative-electrode active material. 

[0045] As a carbonaceous ingredient, pyrolytic carbon, corks, graphites (pitch coke, needle coke, 
petroleum coke, etc.), glassy carbon, an organic high-molecular-compound baking object (what 
calcinated and carbonized furan resin etc. at suitable temperature), a carbon fiber, activated carbon, etc. 
are mentioned. The nature ingredient of nongraphitizing carbon which the spacing of a field (002) is less 
than 1.70g/cc in 3. 70 A or more and true density, and does not have an exothermic peak at 700 degrees C 
or more by the differential thermal analysis in an air air current especially is suitable. 
[0046] Moreover, as the electrolytic solution, lithium salt is used as a supporting electrolyte and the 
nonaqueous electrolyte which dissolved this in the non-aqueous solvent is used. 

[0047] Here, as anon-aqueous solvent, propylene carbonate, ethylene carbonate, 1, 2-dimethoxyethane, 
gamma-butyrolactone, a tetrahydrofuran, dimethyl carbonate, diethyl carbonate, methylethyl carbonate, 
dipropyl carbonate, etc. can use it as independent or two or more kinds of mixed solvents. 
[0048] Moreover, generally as an electrolyte salt, they are used for independent or two kinds or more by 
the lithium salt, LiC104, LiAsF6, LiPF6, and LiBF4, used by carrying out to lithium cells, LiCl, LiBr, 
CH3S03Li, CF3S03Li, etc., mixing. [ for example, ] 

[0049] A cell contains the positive electrode which consists of the above positive active material, the 
negative electrode which consists of a negative-electrode active material, and nonaqueous electrolyte in 
the cell can of cylindrical iron, carries out caulking sealing of a cell can and a cell lid concerned, and is 
constituted. A lead member connects with a cell lid and a cell can, respectively, and the above- 
mentioned positive electrode and a negative electrode are made as [ energize / through this cell lid or a 
cell can, and a lead member / from the outside ]. In addition, the current cutoff device which intercepts 
the current within a fuel cell subsystem according to an internal pressure rise of a cell at the time of 
abnormalities, such as overcharge, is established, and you may make it aim at improvement in safety by 
such cell. 

[0050] In addition, as for a cell, each configuration of the usual cell can adopt not only cylindrical but a 

square shape, an rectangular pipe mold, a carbon button mold, a coin mold, etc. 

[0051] 

[Example] Hereafter, the concrete example of this invention is explained based on an experimental 
result. 

[0052] The configuration of the cylindrical nonaqueous electrolyte rechargeable battery produced by 
example 1 this example is shown in drawing 1 . It is the following, and such a cell was made and 
produced. 

[0053] First, the positive electrode 2 was produced as follows. 

[0054] As lithium salt, nickel oxide was prepared as a lithium hydroxide and nickel salt, and cobalt 
oxide was prepared as cobalt salt, it measured and mixed so that Li/nickel/Co (mole ratio) might be set 
to 1/0.80/0.20 in these, and positive-active-material LiNi0.8Co 0.2O2 was compounded by calcinating at 
the temperature of 750 degrees C for 5 hours among the oxygen ambient atmosphere. 
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[0055] Next, the solution for electrolyte layers was prepared by dissolving polyethylene oxide and 
LiC104 m an acetonitnle solvent by the weight ratio 9:1 Becoming, and LiNi0.8Co 0 202 previously 
compounded in this solution for electrolyte layers was supplied. And in this condition, it was left for 1 
hours and the lithium ion conductivity solid electrolyte layer which consists of polyethylene oxide was 
formed m the front face of LiNiO.SCo 0.2O2 by removing the acetonitrile of a solvent after neglect In 
addition, it was O.lmum when ESCA (X-ray photoelectron spectroscopy) analyzed the thickness of the 
electrolyte layer which this front face was made to cover. 

[0056] next - as 0.2O291. % of the weight and electric conduction material of LiNi0.8Co(es) covered 
with this electrolyte layer - 6 % of the weight of graphite, and 3 % of the weight of polyvinylidene 
fluorides - mixing - a positive electrode - the mixture was prepared and it was made the shape of a 
slurry by distributing a N-methyl-2-pyrrolidone. and this positive electrode - a mixture - after applying 
and drying a slurry to the aluminium foil which is the positive-electrode charge collector 1 1 the positive 
electrode 2 was produced by performing compression molding with a roller press machine 
[0057] Next, the negative electrode 1 was produced as follows. 

[0058] The petroleum pitch was used for the start raw material, and after carrying out installation 
(oxygen bridge formation) of the functional group which contains oxygen for this 10 to 20% the nature 
ingredient of nongraphitizing carbon of the property near a vitrified carbon material (negative-electrode 
active material) was compounded by calcinating at temperature 1000 degree C among inert gas. 
[0059] thus - as 90 % of the weight of obtained carbonaceous ingredients, and binding material - Pori 
fluoride PINIRIDEN 10 % of the weight - mixing - a negative electrode - the mixture was prepared 
and it was made the shape of a slurry by distributing a N-methyl-2-pyrrolidone. and this negative 
electrode - a mixture - after applying and drying a slurry to both sides of the copper foil which is the 
negative-electrode charge collector 10, the negative electrode 1 was produced by performing 
compression molding with a roller press machine. 

[0060] The laminating of the band-like negative electrode 1 and band-like positive electrode 2 produced 
as mentioned above was carried out through the separator 3 with which thickness consists of a fine 
porosity polypropylene film which is 25 micrometers, and the swirl type electrode object was created bv 
carrying out a large number winding. 

[0061] Next, this swirl type electrode object was contained with the iron cell can 5 which gave nickel 
plating, and the electric insulating plate 4 has been arranged to vertical both sides of a swirl type 
e ectrode object. And in order to perform current collection of a positive electrode and a negative 
electrode, the aim NTUMU lead 13 was drawn from 11. of positive-electrode charge collectors it welded 
to the current interrupting device 8 and relief valve equipment with the PTC component 9, the nickel 
lead 12 was drawn from the negative-electrode charge collector 10, and it welded to the cell can 5 Then 
the electrolytic solution made to dissolve LiC104 in the mixed solvent of propylene carbonate 50 
capacity % and diethyl carbonate 50 capacity % by the concentration which becomes one mol was 
poured in into the cell can 5. Subsequendy, by closing the cell lid 7 and the cell can 5 through the gasket 
6 which applied asphalt, the cell lid 7 was fixed and the cylindrical cell with a diameter [ of 18mm ] and 
a height of 65mm was created. 

[0062] The cylindrical cell was produced like the example 1 except using LiNi0.8Co 0.2O2 which is not 
making the example of comparison 1 lithium-ion conductivity solid electrolyte layer cover as positive 
active material. ' r 

[0063] About the cell produced as mentioned above, after charging on the conditions of charge 
electrical-potential-difference 4.20V, charging current 1000mA, and charging-time 2.5 hours, it 
discharged on condition that 500mA of discharge currents, and termination electrical-potential- 
difference 2.75V, and initial capacity was measured. 

[0064] Subsequently, it carried out by having repeated the charge-and-discharge cycle on the same 
conditions as the point by the hot-environments ambient atmosphere with a temperature of 60 degrees C 
and asked for the capacity maintenance factor of a 300 cycle eye to a two-cycle eye. The result is shown' 
m Table 1. 
[0065] 
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[0066] As shown in Table 1 , compared with the cell of the example 1 of a comparison which is not 
making positive active material cover such an electrolyte layer, the big capacity maintenance factor was 
obtained under hot environments, and initial capacity is [ the cell of the example 1 which made positive 
active material cover a lithium ion conductivity solid electrolyte layer ] also equal. 
[0067] This showed that it was effective to cover a lithium ion conductivity solid electrolyte layer on a 
positive-active-material front face, when improving the elevated-temperature property of a cell. 
[0068] Next, the thickness of the ion solid electrolyte layer which positive active material is made to 
cover was examined. 

[0069] By changing the time amount which leaves example of example of experiment 1- experiment 
4LiNi0.8Co 0.2O2 in the solution for electrolyte layers, the cylindrical cell was produced like the 
example 1 except having changed the thickness of a lithium ion conductivity solid electrolyte layer, as 
shown in Table 2. 

[0070] About the produced cell, it asked for the capacity maintenance factor under initial capacity and 
hot environments like ****. The result is combined with the thickness of a lithium ion conductivity solid 
electrolyte layer, and is shown in Table 2. 
[0071] 
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[0072] As shown in Table 2, if compared with the cell of the previous example 1 of a comparison, 
although the capacity maintenance factor under hot environments improves, by the cell of the example 1 
of an experiment whose thickness of the solid electrolyte layer which positive active material was made 
to cover is less than 0. 1 micrometers, it cannot be said that it is enough. 

[0073] Moreover, by the cell of the example 4 of an experiment by which the thickness of the solid 
electrolyte layer which positive active material was made to cover exceeds 10 micrometers, although the 
capacity maintenance factor under hot environments fully improves, initial capacity is a low value. 
[0074] In order to have improved the elevated-temperature property of a cell from this, maintaining 
initial capacity, the thickness of the lithium ion conductivity solid electrolyte layer which positive active 
material is made to cover was understood that 0. 1-10 micrometers is suitable. 
[0075] Next, examination of an about was performed when the presentation of the class of lithium 
multiple oxide and a lithium ion conductivity solid electrolyte layer was changed. 
[0076] After dissolving LiC104 in the mixed solvent of example of experiment 5 propylene-carbonate 
35 volume %, and ethylene carbonate 35 volume % 10% of the weight, the solution for electrolyte layers 
was prepared by adding 20 % of the weight slowly, and heating acrylonitrile around 100 degrees C. 
LiNiO.SCo 0.2O2 was supplied to this solution for electrolyte layers, and the lithium ion conductivity 
solid electrolyte layer which consists of a polyacrylonitrile was formed in the front face of LiNi0.8Co 
0.202 by carrying out mixed stirring for 1 hour. 
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[0077] The cylindrical cell was produced like the example 1 except using LiNi0.8Co 0.2O2 covered 
with this lithium ion conductivity solid electrolyte layer as positive active material. 
[0078] After dissolving LiC104 in the mixed solvent of example of experiment 6 propylene-carbonate 
35 volume %, and sulfolane 35 volume % 10% of the weight, the solution for electrolyte layers was 
prepared by adding 20 % of the weight for a vinyl sulfone slowly. LiNi0.8Co 0.2O2 was supplied to this 
solution for electrolyte layers, and the lithium ion conductivity solid electrolyte layer which consists of a 
polyvinyl sulfone was formed in the front face of LiNi0.8Co 0.2O2 by carrying out mixed stirring for 1 
hour. 

[0079] The cylindrical cell was produced like the example 1 except using LiNi0.8Co 0.2O2 covered 
with this lithium ion conductivity solid electrolyte layer as positive active material. 
[0080] The lithium carbonate was prepared as example of experiment 7 lithium salt, and the manganese 
dioxide was prepared as manganese salt, it measured and mixed so that Li/Mn (mole ratio) might 
become 1/2 about these, and the spinel mold positive active material LiMn 204 was compounded by 
calcinating at the temperature of 850 degrees C for 5 hours among the oxygen ambient atmosphere. And 
this LiMn 204 was covered with the lithium ion conductivity solid electrolyte layer using the same 
solution for electrolyte layers as an example 1 . 

[0081] The cylindrical cell was produced like the example 1 except using LiMn 204 covered with this 
lithium ion conductivity solid electrolyte layer as positive active material. 
[0082] The lithium carbonate was prepared as example of experiment 8 lithium salt, and cobalt 
carbonate was prepared as cobalt salt, it measured and mixed so that Li/Co (mole ratio) might become 
1/1 about these, and positive active material LiCo02 was compounded by calcinating at the temperature 
of 900 degrees C for 5 hours among the oxygen ambient atmosphere. And this LiCo02 was covered 
with the lithium ion conductivity solid electrolyte layer using the same solution for electrolyte layers as 
an example 1 . 

[0083] About the produced cell which produced the cylindrical cell like the example 1, it asked for the 
capacity maintenance factor under hot environments like **** except using LiCo02 covered with this 
lithium ion conductivity solid electrolyte layer as positive active material. The result is combined with 
the presentation of the class of lithium multiple oxide, and a solid electrolyte layer, and is shown in 
Table 3. 



[0084] 
Table 3] 
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[0085] As shown in Table 3, as for each cell of the example 5 of an experiment - the example 8 of an 
experiment using the positive active material covered with the lithium ion conductivity solid electrolyte 
layer, a big capacity maintenance factor is obtained under hot environments. 
[0086] This showed having the effectiveness of suppressing capacity degradation under the hot 
environments of a cell like the lithium ion conductivity solid electrolyte layer which the lithium ion 
conductivity solid electrolyte layer which consists of a polyacrylonitrile, a polyvinyl sulfone, etc. also 
turns into from polyethylene oxide. Moreover, it turned out that the effectiveness is similarly 
demonstrated even when not only LiNi0.8Co 0.2O2 but LiMn 204 and LiCo02 grade are used as a 
lithium multiple oxide. 
[0087] 

[Effect of the Invention] With the nonaqueous electrolyte rechargeable battery of this invention, since 



http: //www4 . ipdl .ncipi . go.j p/cgi -bin/tran web^cgi ejj e 



12/12/04 



Page 9 of 9 



the lithium multiple oxide with which the lithium ion conductivity solid electrolyte layer was formed in 
the front face is used as positive active material, even when it saves under hot environments or charge 
and discharge are repeated, cell capacity is maintained highly, and the good engine performance can be 
obtained, so that clearly also from the above explanation. 

[0088] Therefore, according to this invention, the practicality of a nonaqueous electrolyte rechargeable 
battery greatly improves, and industrial value is large. 

[Translation done.] 
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